to SpaceGraph to be displayed by rapid paging of slices on a CRT monitor. The images on the monitor reflect from the vibrating mirror, but because the focal point of the mirror is moving each slice appears to be in a different depth position.
Slices are displayed so rapidly so as to appear continuous in a 3-D virtual space. Figure 4 shows the setup for TEM microtomography.
Once a particular experiment is properly set up, it could proceed in a fully automatic and precise fashion, freeing the investigator from the of- The display of data that is reconstructed from projections gathered in a TEM has some similarities to and some differences from the CAT scan.
As noted above, the reconstructions typically take place slice-by-slice, again suggesting a display slice-by-slice. However, seeing a 2-D slice ofa 3-D ob- images: one of the simplest of these is the ability of the user to outline regions of the image, using a 3-D pointing device. This technology has proved useful for editing, manipulation, and analysis of 2-D images. Experiments in which the user can place points of light on features of interest have also been encouraging.
The extension of the remaining 2-D techniques to three dimensions appears to be comparatively straightforward; the only implementation difficulties arise from the significant increases in computational speed required. We believe there is a strong likelihood for significant discovery and innovation when the ability to highlight, draw, and edit in three dimensions becomes a reality. A slightly more complex class oftechniques that will improve the ability of the user to understand three-dimensional images is the ability of the user to specify more complex editing boundaries for the image. Promising techniques include the ability of the system to accept 3-D points and to generate cylinders, bounding spline surfaces, and other surface and volume primitives based on those points. These, then, are the graphics capabilities we will pursue and combine with our current ability to rotate images along any axis. The graphics software will be developed with priorities based on attaining maximum information from the 3-D image, and this includes image quantitation.
shows self-luminous images that appear to fill a volume. By this means, one can display a 3-D scalar field all at once. The problem ofmental reassembly ofslices vanishes. The pitfall ofmisconstruing a 3-D structure from a slice through it also vanishes. Replacing these problems, however, is a new one: visually assimilating the information contained in the 3-D image. We are exploring the use of hand controls to facilitate image understanding;
in particular, we use a 3-D joy-stick which can either rotate the image on any axis or move a cursor to mark points of interest.
Conclusion
Microtomography literally opens up a new dimension for biological and medical research microscopy, both in terms of adding the third spatial dimension and in terms ofobtaining quantitative image data. The microscopes of the future are likely to be computerbased machines with automation capabilities. The impact of the new 3-D microscope technology may be as wide-ranging as are the current applications ofmicroscopy in so many fields ofscicnce. We anticipate that 3-D microtomography will give rise to significant discoveries in biological research.
